Study Design: The shape of the L5 vertebral body was analyzed using a computerized tomography (CT) scan. Objective: The aim of this study is to determine if the vertebral L5 body shape varies depending on the height of the CT slices through the L5 pedicle. Summary of Background Data: The morphometry of L5 has been studied to help the introduction of pedicular screws. The shape of the vertebral body has been seldom looked into, and the findings obtained show a triangular shape and hemispherical shape, supposedly owing to interpersonal variability. The hemisphere shape enables pedicular screws to be introduced nonconvergently, whereas the triangular shape enables pedicular screws to be introduced at a convergent angle but posing the risk of cortical perforation unless these guidelines are followed. Methods: Abdominal CT multicut with 64 crowns was performed in 101 consecutive patients with diverse indications. Width of CT slices was with a 1-mm reconstruction increase. We selected one axial slice that passed through the upper part of the pedicle and another one that passed through the lower part of the pedicle and compared next parameters in both cuts: pedicular cortical width, pedicular endostal width, pedicular angle, vertebral body length, vertebral body width, vertebral perimeter angles, and visual appearance of vertebral body shape. Results: We found statistical differences between all values except the anterior vertebral perimeter angle on comparing values of upper part with values of lower part and visual vertebral body shape was different in 93% of vertebrae. In the upper part the vertebral body is hemispherical whereas in the lower part it is triangular. Conclusion: In most cases, the vertebral body shape is hemispherical in the upper part of the pedicle and triangular in the lower part of the pedicle. It means that in the lower part pedicular screws must be introduced at a more convergent angle than in the upper part if we do not want to break any cortical of the vertebral body.
INTRODUCTION
Several studies have been conducted to determine the morphometry of lumbar vertebrae [1] [2] [3] and thus help the introduction of pedicular screws and cages. These studies have been carried out using fresh cadavera, [4] [5] [6] osteologic collections, 2, 7 and more recently, in computerized tomography (CT) images. [8] [9] [10] [11] The most frequently analyzed parameters are the pedicular width and pedicular endostal width (PEW), pedicular angle (PA), dimensions of the canal, vertebral body length (VBL), and vertebral body height. These findings have set the guidelines so as to establish the length and width of pedicular screws allowed in each lumbar vertebral level.
The shape of the vertebral body of lumbar vertebrae has been seldom studied. By means of a CT scan Van Schaik et al 12 examined its shape by tracing a line along the outer border of the vertebral body. In L5, the shape of the body was triangular and a unique angle contouring the external cortical of vertebral body measured 53 degrees. In research work performed by Alfonso et al 13 using CT, we observed 2 types of L5 vertebrae and supposed it was because of interpersonal variability. These types were triangular and hemispherical. The hemisphere shape would allow 45-mm long pedicular screws to be introduced nonconvergently from back to front and even longer ones if we converged the screws. On the other hand, triangular shape would allow 45-mm long pedicular screws with a convergent angle or a 40-mm long nonconvergent screw. In triangular L5 vertebra, the risk of cortical perforation would be high if we did not follow these guidelines.
Following this research we considered that the shape of L5 could be varied depending on the height of CT slices in the pedicle. Therefore, upper slices through the pedicle could show a different shape of the L5 vertebral body than lower cuts through that very same pedicle.
PATIENTS AND METHODS
Abdominal CT was conducted in 146 consecutive patients with diverse indications. The system is a last generation CT multicut with 64 crowns, Siemens Sensation 64 (Erlagen, Germany). The width of the CT slices was 1 mm with a 1 mm increase of reconstruction. Image reconstruction was obtained through the Leonardo of Siemens system. A bone filter was used. CT slices were made parallel to superior vertebral endplates each and every 1 mm.
Axial slices were obtained as well as sagittal and coronal reconstructions. We selected one axial slice that passed through the upper part of the pedicle whereas another one passed through the lower part of the pedicle (Figure 1 ).
Inclusion criteria of patients were aged between 18 and 60 and without any previous pathology in the L5 vertebra. Exclusion criteria were transitional vertebra, pathology of L5 (infection, fracture, or tumor), or aged under 18 or above 60.
Parameters measured in the axial CT slices were:
1. Pedicular cortical width (PCW): distance between the outer medial cortical and outer lateral cortical of the pedicle (Figures 2A, B ).
2.
PEW: distance between the inner medial cortical and inner lateral cortical of the pedicle (Figures 2A, B ). 3.
PA: angle between a line that passes through the center of the pedicle following its axis and a line that passes though the posterior part of the vertebral body. 4.
VBL: distance between the outer part of the anterior border and posterior border of the vertebral body (Figures 2A, B ).
5.
Vertebral body width at 100% (VBW 100% ): width of the vertebral body in the most posterior part ( Figures 3A, B ). 6.
VBW at 50%(VBW 50% ): width of the vertebral body in the 50% of its length ( Figures 3A, B ). 7.
VBW at 25% (VBW 25% ): width of the vertebral body in the anterior 25% of its length ( Figures 3A, B ). 8.
Vertebral perimeter angle (VPA): 2 angles were measured attempting to classify the shape of the vertebral body objectively. VPA 1 is the angle between a line that passes through the posterior part of the vertebral body and a line along the cortical border up to the junction of the VBW 50% line with the cortical of the vertebra ( Figures 3A, B) . VPA 2 is the angle between the VBW 50% line and a line along the cortical border up to the junction of the VBW 25% line with the cortical of the vertebra ( Figures 3A, B ). 9.
Shape of vertebral body: hemispherical ( Figure 4A ) and triangular ( Figure  4B ).
PCW, PEW, and PA parameters were measured in every vertebra on the right pedicle and left pedicle in 2 axial cuts: an axial cut that passed through the upper part of the pedicle and another one that passed through the lower part of the pedicle.
VBL, VBW 100% , VBW 50% , VBW 25% , VPA 1 , VPA 2 parameters were measured in every vertebra in 2 axial CT slices: an axial slice that passes by the upper part of the pedicle and another one that pass by the lower part of the pedicle.
Statistical analysis comparing the groups is conducted with the paired Student t test in measures in the same patient (comparing upper part and lower part).
RESULTS
One hundred one patients met inclusion criteria(46 men and 55 women). Results are showed in Table 1 and Table 2 .
The vertebral shapes were compared in the upper and lower parts of the pedicle in each patient showing visual differences. Most of the vertebrae (94 vertebrae) showed substantial visual differences: the upper vertebral slices acquiring a hemispherical shape whereas the shape of the lower part was triangular (93.06%) ( Figures 4A, B) . In 7 vertebrae the visual differences were not significant.
All the findings revealed significant differences when comparing the upper part of the pedicle with the lower part except for the VPA 2 value.
DISCUSSION
The L5 vertebra, just as in the case of the S1, possess difficulties when it comes to applying pedicular screws because of its inclination in the sagittal plane and the orientation and angle of its pedicles that often make it difficult to introduce them convergently. Results obtained in this study show a difference between the vertebral body shape in the upper and lower part of pedicle. Pedicles are wider (both endostal and cortical width) in the upper part, both in right and left hand sides. The PA is more convergent in the lower part, both on the right and left hand sides. VBL is higher in the upper part than in the lower part. The VBW is wider in the lower part in the most posterior part of vertebral body (VBW 100% ) but in VBW 50% and VBW 25% is wider in the upper part. The VPA 1 is more convergent in the lower part of pedicle and the VPA 2 is similar in the lower and upper parts, not showing statistical differences. The difference in the VBW 100% , VBW 50% , VBW 25% , and VPA 1 ends in the hemispheric shape in upper part and triangular shape in the lower part in most of cases (93%). Therefore, a screw placed in the superior part of the pedicle and near the superior endplate in the vertebral body can be introduced with a slight angle without risk of going through the anterior cortical. However, if we introduce the screw in the lower part of the pedicle and if it is housed in the vertebral body far from the endplate, we must introduce it with a 45 degree angle otherwise the screw will go through the anterior cortical of the vertebra, possibly putting the neurovascular structures at risk. It also depends on the length of the screws, and therefore a 45-mm long screw in the lower part of pedicle must be introduced at a greater angle than a 40-mm long screw in the lower part of pedicle. In the upper part it is not so important but we have to bear it in mind. Research work conducted by Beguiristain et al 14 found that 100% of screws over 50 mm went through vertebral cortex anteriorly.
Lesions of neurovascular structures are not common but a screw inside the vertebral body is unable to cause any damage to nerve roots or vessels. The L4 roots are in the lateral part of the vertebral body and a screw which is at least 45 mm long and it is not introduced with an angle in the inferior part of the pedicle could break the lateral cortical and come into contact with the L4 root and damage it. Jendrisak 15 reported a case of spontaneous rupture of the aorta because of an anterior implant and Vanichkachorn et al 16 reported a case of an implant removal because of the implant protrusion which affected the aorta. Lim et al 17 reported a case of pseudoanaeurism of the aorta after an instrumentation with pedicular screws in T12 and L3. On the other hand, Asprinio and Curcin 18 suggested that the low incidence of vascular lesions is due to the protection of anterior vertebral ligament. In their study they introduced pedicular screws from L1 to L5 passing 5 mm from the anterior cortex and no screw crossed the ligament. However, we have observed screws that were inserted over 5 mm and came into contact with the iliac veins, arteries, and L4 roots.
Some authors prefer to go through the anterior cortical as the pull-out strength is increased, 19 even though Lavaste's 20 findings did not suggest significant differences concerning the pull-out strength between going through the anterior cortex or not. It could be interesting in cases with osteoporosis but in patients with good bone mass it is not required. In the upper part of the pedicle we can introduce, in a perpendicular way, longer screws than in the lower part of the pedicle increasing pull-out strength 19 in patients with good bone mass. Using screws longer than 40 mm in a perpendicular direction in the lower part of the pedicle, we could perforate the cortical increasing the risk of lesion the neurovascular structures, even though it would not decrease pull-out strength.
Our findings are similar to those obtained in research on PCW, PEW. and VIIL carried out with CT by other authors. 4,8 -10 Regarding PA, results in research led by Sim 22 were similar although varying slightly with those obtained by other authors. 9, 10 The VPA 1 and VPA 2 values have not been studied by other authors to our knowledge. Concerning Van Schaik et al 12 research, on L5 vertebrae presenting a triangular shape, we believe that the CT cuts were in the inferior part of the pedicle.
Considering these findings our recommendations regarding the insertion of pedicular screw in L5 vertebra are as follows:
In the upper part of pedicle a 45-mm long screw can be introduced at a slight angle (10 degrees) or a 40-mm long screw can be inserted perpendicularly (straight from posterior to anterior) without any risk to penetrate the anterior or lateral vertebral body.
In the lower part of the pedicle a 40-mm long screw can be inserted at 20 degrees to 30 degrees angle. However, a 45-mm long screw should be placed at a 45 degrees to 50 degrees angle to avoid penetrating the anterior or lateral vertebral body.
